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esteblian tas validity of certain pressare drop parameters 
used ia the design of a turbo«jet soubustion chanver indi- — 


sate the perforaance of the eosbustor ean be predicted by 
aneiytical methods. 

411 eomputed values of both the frietieon pressure 
drop and the preseure dre) due to aomeatua changes with heat 
AddLtion ware lower, la thet region of air flows wherein the 


error of eight yersent occurred for tue condition of 265 
pounds per seoond alr flows The average pereentage error 
aver the entire operating range lovestigeted was appreaimatee 
iy 2 pereent. fhe coubuster inlot air conditicns, under 
waich thes@ rune were wade was equivalent to a simulated 
altitude of 27,000 feet at the design polat investigated. 

Tne reprodualbility of exzparisental <atea wae 
Giffieult. Allowame aust be sade for obstructions or Lire 
regularities of the flow paseaces oa werping of the combustor 
basket, or carbon.depositions. in the final anaiyeia, for 
aecurately oowaputing tie tetel sresaure Grep acrosa the 
combustor, the effeet of mixing the relatively cold saaond~ 
any siy wits the aroducta of conbua tien “wet be taxnen late 
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at a higher velocity thus producing thrust. At greaent 
through the coubustion ef hydroearbon fuels with air in 
The flew of ges tarcagh a covvustion schaxber is 
aseongenied by losses that effect the overall efficlenay 
of tne turbo-jet engine to a marked degres. The losses 
in the combustion chamber way be claselfied as the total 
friction pressure loss due to configuration and frictian 
and the pressure lows duy to the somentus change with 
hoat addition. Friction pressure losses result from the 
turbulent flow of the gasea over the «etal surfsces of 
the ducting and throuch the orifices leading into the 
¢ombustion gone. These Losses can be measured during sone 
Tiring muse with tae eos@bustion ehanber, and thelr values 
weed in computing the preseure lose due to somentun 
changes daring firlacg punt, This is an esproximation bat 
the percentage error is very gauall. Aetwaliy there is a 
¢hange in the density of the entering alr due to a change 
ian temperature that is mot indicated in a nomefiring run. 
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Priction pressure losses are usually respgonulble for twoe | 
chambers with low entrince velocities. 

The mosentum pressure losses occur as a result of 
the combustion process in changing the velocity and density 
lesa in a duct of constant cross-avetional area is present< 
ed in the appendix, UYormally an exact solution 1s not re~ 
quired when the Hach nvwsbers in the combustion sone are on 
the order of 0.2 or leas thes 0.3. The exact solution pre<« 
sented is sodified to the extent that the addition of fuel 
and atea ¢chancge has deen neglected. Therefore, the calcu« 
lated momentum pressure loss will be lower than that de@- 
rived by experiment. 

Tho inperteance of miniaulezing the total pressure 
loss in the combustor ia comparable with keeping the ef- 
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ficiencies of the eouprweaor and turbine as high as possible, 
Geabustlon chesbers muat be deaigned for the lowest podsible 
pressure drop due to friction and thie le peasible by 
@liminsating abrapt chances in sestian, reverse turns in 

the ducting, ulmilaewe initial veloesity in the Slow passages 
ahi maxions area flow pasesces. 
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It is the purpose of this investigation to estab- 
design parameters used tn the design of 4 turboejet combus- 
tion ¢hanber of similar configuration, The check will bo 
made by conparisen with experimental data. In the ease of 
the frletion pewesure dros, & sveond cumparison wlll be 
waite waiag the sethod set forth in the Netionel advisory 
Committee for Awronastios, Teehalcal Mote, Nusber 1140, 

| A wore and wore information of this surt ts ae~ 
oumulated the design of easbustlon chambers for turbo= jot 
engines will begese leas of a cut and try process and the 
need for expensive experimental test setups will be Lleasen- 
ede 
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teen used in the General dotors J=33 TurbowJet Engine, It 
was a speotal combustor, modified to the extent that the 
inner-coubuster conmesting flane tubes were not Lucladed 
im ite construction, A sketen of the combustor ie show: 
in Figure Ze 

A special air adapter was onde to fit the outer 
iiner to eliminate sertain variances in the entering alr 
flow. The alr adapter provides the mounting for the fuel 
nozele, tae igniter plug, and the inner liner dome and 
also supperte the forward end of the outer combustion 
chamber, The inner liner is supoorted at the entrance end 
by the dome, and is positLoned at the exit ends by a liner~ 
locating dowel, The groves at the forward end of the outer 
combustion ¢chasber retain two piston rings. These rings 
enter inate the couter-bore of tne adapter, forming an air 
seal between the adapter ani the outer sombuation chamber, 
and provides for any expansion or contraction. 

Aiy enters the outer ans inner cowbustisn shaswhars 
tnrowsh the adapter. Primary air is introdused inte the 
sosbuation sone throeagh @ series of holes surreunding the 
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maxinua mixing of the fuel with the incowlng alr while es- 
tablishing a low velocity lgnition area with some dontrol 
tion and sealing, te introduesed turowh « series of 5/3 
inch holes and louvres located in tue inner combustion 
chamber downstrean from the primary alr entry. te 
slate of an electrically driven fuel pump aad one fuel 
nosule of the hollow cone spray type. Io the notele, fucl 
flows in turough tangetial sleta in the spray tip and out 
theeugh the tip orifice inte the sombustion chawber. At 
fuel pressures below 12> pounda ser square inch the ave of 
the spray la agoproximately seventy degrees, At higher 
pressures the are na rows and the flow is extended farther 
lato the combustion chauber. 

The fuel ignition ay stem enployed is that of a high 
intensity aparic combined with an acetylene ges jet. The 
acetylene gee ia fed into the cooling alr space between 
the vleotredes and tha surroumding cerauic insulation. This 
insures a positive initial turning and eliminates explosive 
hot atarte, The epark glug used was a General clectri¢ 
Role d 7 MS YOUAL. 
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ausiliary compressor section of « 1716 Allison Yee 120 
engine. (Figure $) Gesived bomsuter inlet sir conditions 
wos moasured by a thin plate orifice located upstream of 

The inlet duct was fabricated of mild steel to fit 
the dimensions of the existing alr supply ducting and the 
soubustor. The exhaust dust was fabricated of 20 gauge 
@talnless steel and devigned to fit the exit of tue sone 
bustor and to exhaust Into the atmosphere. Figure 1 shows 
the longltudinal cross-section of the inlet Juct, the 
coubaster, and the exhaust duet with the location of the 
instrument stations. Figure 4 shows arrangement of the 
test setup as installed in the test eell, 


Positions and arrancemuts of the thermocouples 
aad pres@ure tape as located in the inlet and exnauet ducts 
and the combustor are shown dlagrammatioally in Figure 3. 

The velocity profile and the men velocity of the 
aire flow entering the comvusator were detemained by three 
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stream at station 1. This section has « cross-sectional 
area of 41965 square feet. The tenporature of the entering 
aly was measured with an iron-sonstantan thersocouple.— 
Deteraination of the pressure level and the mass flow 
shenge of the secondary alr along the longitudinal exis 
attempted through « series of static pressure teps and 
total head tubes at stations 2, 3, and k. Station 2 is 
lecated just dowastreas of the primary alr lalets at the 
beginning of the segondary alr ports. Stations 3 and & 
are located at the aid-point and at the ond of the secondary 
alr porte, respectively, Yor measuring velocity distribue 
tion at the exit of the flame tube during non-firing cums, 
threes pitotestatic tubes were insertec late the streams at 
station S. For meagurenent of velocity and tetel pressure 
during hot rama, a shielded totel head tube and a static 
pressure tap were used, 

ChromleAlumeal thersesousles were used throuchkeut 
for total temperature seagureaent of the hot gases, and 
indications were teen as true with no sorreetiona for 
radiation or stagnation effectea. The temperature distrie 
vatlen of the exhaust gases was ananuaet by a total temp- 
erature rake conagisting ef four themaccouples asa shown in 
ficure 3. The mean scoxbustor exhaust temperature was 
taken ae tim amitimetic sean of the temperataumws ceasured 
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and etatie pressure seasurenents. For maeaeuriag dynamic 
pressure ievel, a bank of six inclined tube mercury wano~ 
meters was used, Figure 6 shows the lastrument recording 
panel. 

Puel flows wore measured with a issher and Porter — 
Company Flowrater with Stebil«Vie Viscosity Immame Float. 
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maximum ef 46 inches of nereury sbeolute static pressure 
at the entrance to the combustion chamber and to three 
pounds per seeond alr flow. 

In order to evaluate the alr flow and velocity 
distribution axially through the combustion chamber, a 
series of non-firing mums was sade at varying oumbuster 
inlet statle pressures. The data recorded were the total, 
adyuanzic, and static pressure Level at the entrance; static 
pressure level of the air streax in the annular space 
gurroumiing the inner combustion shanber at the beginning, 
midegolat, and the end of the secondary alr entrances to 
tha sombustian sone; and the tetal ond statle sreseure 
levels at the exit of the euwbuster; and the (frictian 
pY@SIUIS Grop acrose the quchustom. 

To deternine the total oressure drop, hot rune were 
made at set static pressure levels at the combustor entrance 
with verying mass flows. Those runs were made at constant 
exit temperatures, Total entrance presgure, total and 


static exit preasures, total entrance temperature, sass 
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pressure on swan teaperature rise through the combustor, 
muns were eade at several constant entrance preasures with 
temperature, exit temperature, air flow, fuel flow, and 


. a | F 7! ? ‘ 
Po hee Litt 
in ee a . ; . 
; x h y a 
* i” 4 se Yeas me | : 
CRS OK pet! ae cere mate psinn 

| | i ah a é : 

fiieeny #23 


- reed. aX %, 
Pot Di: iio) 


UT dhs A Od 
; . . ; ‘ « 

Pe TA ert 2 Wee ape «4 

te ind: “Vey omer eS Aap Po 

: a’ mertis 


“ee ‘ 

c - . \ Dew Tes ney 
RSS eae. Bas yO ee 
4 on. wy 5a fon... Seow wt 


’ 
4 
% 
' 
é 
f 
: 
1 4, 7 a we 
4 Y k 
’ he 
id 4a . 
. * : 
| f 
So | | 
‘ yy : ‘ 
‘ 
' z ve 
. Ly 


¥ 5 


‘The data obtained in this investigation to evaluate 
evaluetion. The seen cssbustor oublet teaperatare Indicatq 
ed im Table 1 is the orithmetioal moan of four readings 
taken at Station 5. Seasured temperatures were very eratic. 
A representative distribution of esubustor exit tempera 
tures may be seen in Pigure 5, 

The combustor operated at efficiencies above JO 
percent and was eagable of producing outlet tenperatures 
in excess of that deemed safe fur operation at high bask 
pressures. Pigure 9 shows the effeot of varying the con 
buster inlet preasure on the «fficleney of the convuator. 
durves of 100, 4, and 50 percent theoretical temperature 
rise are ineluded for combustion efficiency ostiwations 
When the entrance preswute was high the soupuster operated 
at effielenciosa above JO percent except at fuel~«alry ratios 
of less than 0,01. This le @ue, in part, to eoor atoniza~ 
tion of the fuel used in the nesele at iow fuel preseures. 
The waxlwua effielieney ocourred at ac overali fueleair 
fatio wach leamer than tae overall stelehlometria mlature. 
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fairly constant at a fueleatr ratio of 0.0L. : | 

‘The effest of varying the inlet static pressure on 
total pressure drop is shown graphically in Figure 10. Ib 
drop decreases as tue inlet prassure was inomeased. The 
pressure drop 1s a fanstion of tne inlet veleosity which in 
turn ia a funetion of the density of the gas stream. As 
the inlet pressure wee incrossed the denaity of the enter- 
ing aly mase was increased and the velocity necessary to 
pase the wase flow was decreased. The controi of the 
inlet pressure was meade by regulation of the Abi ison oom 
pressor speed and by applying the necessary back presaure 
by reducing the effective area of the exhaust. Three rune 
were made at varylag inlet preseures to give an indication 
of the manner in which the sressure drop varied. 411 mms 
were made at a swan combuster exit temperature of 1660 
degrees Rankine, 

Piguros li, ld, ad 13 show tke comparison of exe 
perlmweateal ani somputed @0iustlon shasber prvasum Losses. 
The caleulated friction pressure loss by fetbhed I and ine 
dicated in Figure li, is that ovresented by the fational 
Aavlsory Comalttee for Aeronautics, Techalcal Bote Humber 
1180, Thia sethod is based on the assumption thet the 


presmure loss characteristics of the ackual combustion 
chamber can be natehed by those of an equivaient oombustiean 


cheaber of conatant cross-sectional area. It la algo 
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Investigation fer a comparison check only, The ealeulated — 
friction pressure drop, indleated iethod Li in Figure 12, 
is thet presented by J. &. Verdin in « paper on tae desiga 
of a turbe-jet combustion chamber, wad ia included in the 
Figure 13 is a comparison of the experi mental 
ietenetvan pressure drop with that computed. This methed of 
computing the pressure drop due to momentua changes is in- 
Cluded in the Appendix. The difference indieated in the 
ourves Le largely due to the neglect of the slight area 
Ghange in the combustor (less than 3 pereent) end the effect 
of the change in momentum Lnveived in the mixing of the hot 
and ecvld gas streams. 

The altitude condition simulated in this investiga- 
tion was 27,000 feet ceneity sltitude. This sigulated 
altitude prevailed at the de@ign condition of 2.5 pounds per 
second air flow. The simulated sititude at the cushustor 
entrance was coaputed frou assumed data for « turboe jet 
engine having &@ compressor compression ratle of four and a 
eompmosaor efflielency of YO pervent. 

It wae found that the accurate reproduction of data 
was diffiewit at low compressor speeds. The alllisaon engine 
CIRPTS s aor used im supplying the alr hus an engine-coupreasor 
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therefore, would give an increase or decrease of 550 rom 
of the compressor. In an attempt to amooth out the flow 
of aly and approach the steady flow conditions necessary, 
ome bank of the Alileon engine was made inoperable. This 
improved conditions at low mass flows. it is suggested 
that in future iavestigetions of this type a syate« of 
bleed-off be instslled to eliminate this condition. at 
high souprtessar apecde mo serlous difficulty wae encountered 
in veprodueing data. 
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A,> AREA 1N ANNULAR SPACE sgUARE FEET 
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AP= Pressure OroP Across OrRi1Fic& , £8/ 5@F4, 
C2 Density oF Fawo, £8/Fe? 


Q = Pilass Flow THROUGH ORIFICE , COFFS [s€e 
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The symbols used in this paper are those being cur- 
rently used for turboejet engines. 
4. Apea of any cross section, square feet 


u ash number, ratio of airspeed to local speed of sound 
?, Total pressure, pounds per square foot or inches of 


mercury 

P Statice pressure, pounds per square foot or inches of 
mercury | 

A? Total pressure loss due to frietion and heat addition, 


inehesa of mercury 

Ap Pfrietion pressure loss, inches of moreury 

A?, Mousntum pressure loss, inches of mereury 

Total tenpsrature, degresa Rankine 

i Static temperature, degress Rankine 

¥ Velocity of gas flow, feet per second 

W ir masa Plow, pounds per second 

@ Air masa flow, cubic feet per second 
Ratio of specific heat at constant pressure to specific 
heat at comsteant volume 

| ad senal ty of air, pounds per cubic foot 

Sabseripts 

Gombustor Llnlet 

5 Gomtvustor outlet 


B Squivalent combustor or constent erese-sectional area 
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Thesis 
N42 Nester 
Tasting a turho-jet 
combustion chamber to 


check analytical design. 
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